Background Biologically derived (sex-based) and behaviorally influenced (gender-based) disparities exist in knee osteoarthritis and treatment with TKA. Questions/purposes We sought to highlight sex-and gender-based differences with respect to knee osteoarthritis and its treatment. Our purposes were to (1) define where we are now, (2) outline where we need to go, and (3) generate solutions to how we can get there. Where are we now? A growing body of evidence shows sex-and gender-based disparities contribute to differences in the incidence, treatment, and outcomes of patients with knee osteoarthritis. Moreover, the influence of unconscious provider bias in disparities in care is becoming recognized. Where do we need to go? Sex-and gender-based differences need to be identified and translated into clinical practice to effect patient-centered sex-and gender-based medicine. Equitable and evidence-based care must be provided. How do we get there? Research must continue to focus on sex-based differences in cartilage degeneration and gender-related factors influencing the development and progression of knee osteoarthritis. Development of evidence-based guidelines for optimal timing of TKA would assist patients and clinicians with surgical decisionmaking. Training of healthcare providers to mitigate again unconscious basis is essential. Care must be patientfocused, with patients empowered to be full partners with providers in healthcare outcomes.
Introduction
Knee osteoarthritis is one of the most common musculoskeletal conditions affecting millions of Americans, typically those in the second half of life. The burden of disease is, however, higher for women, who disproportionately develop knee osteoarthritis [5, 6, 16] . Women lose cartilage in the knee at a faster rate than men [7] . While TKA is an established and effective treatment for end-stage osteoarthritis, women tend to have less improvement of pain and function than men [3, 9, 13] . In some studies, men have a higher risk of revision for polyethylene wear and infection [9] , although a difference between the sexes in risk of revision has not been consistently demonstrated [3, 4, 8-10, 13, 14] . Differences in knee osteoarthritis between the sexes need to be better understood to development more effective treatments, recognizing treatment may need to be sex-based.
Disparities in care related to knee osteoarthritis can be categorized as biologically derived (sex-based) and behaviorally influenced (gender-based). Every cell has a sex and the influence of sex chromosomes extends well beyond the reproductive system to influence gene expression patterns in all cells. Overlying these biologic differences are gender-influenced issues of lifestyle, willingness to undergo surgery, access to the healthcare system, and disparities in care between men and women. Unconscious bias of healthcare providers may influence treatment recommendations for women regarding TKA.
With respect to knee osteoarthritis, we sought to identify the current state related to sex and gender issues, define where we need to go, and finally provide recommendations on how to achieve the future state.
Where Are We Now?
While the higher burden of knee osteoarthritis in women is well recognized, an understanding of why this occurs is lacking. In a study of asymptomatic volunteers between 50 and 79 years of age, MRI showed women lose cartilage in the knee at four times the annual rate in men in the tibia and three times that in the patella [7] . As cartilage has estrogen receptors and the increase in osteoarthritis of the knee in women occurs in postmenopausal women, the role of estrogen in the development of knee osteoarthritis has been questioned. In one study of older women, estrogen replacement lowered the incidence and progression of knee osteoarthritis but not to a substantial degree [17] . Moreover, other hormones may play a role in the development and progression of knee osteoarthritis. For example, IGF-1 levels were lower in healthy women than in men yet markedly depressed in women who underwent TKA compared to healthy female controls, with no difference seen between men undergoing TKA and healthy male controls [11] .
TKA largely relieves pain and improves function in both men and women with substantial knee osteoarthritis. Large studies suggest women experience as much improvement as men in terms of functional outcomes. However, women as a group have lower preoperative function than men and do not reach the same level of function after surgery as men [3, 9, 13] . It has been stated women are more adversely affected by knee osteoarthritis than men and are at a more advanced state of disease compared to men at the time of surgery [12] . Use of a gender-specific implant for women does not appear to improve function [1] .
Pain improvement after TKA is more favorable for men. While pain is a complex subject, moderate to severe pain levels are higher in women than in men after both primary [3, 13, 15] and revision [15] TKA. Biologic and behavioral factors may influence these findings.
One Canadian study of a standardized male and female patient with moderate knee osteoarthritis suggests there is provider bias in recommending TKA [2] . Early in the study, a second arm of the study involved a standardized male and female patient with severe knee osteoarthritis. This arm was stopped due to no difference being identified regarding recommendations for surgery. However, in the patients with moderate knee osteoarthritis, 42% of physicians recommended TKA to the male patient but not to the female patient and 8% recommended TKA to the female patient but not to the male patient. The odds of a family practice physician recommending TKA to a male patient was twice that to a female patient; the odds of an orthopaedic surgeon recommending TKA to a male patient was 22 times that to a female patient. Almost certainly this is unconscious bias of the providers.
Where Do We Need to Go?
Equitable and evidence-based sex-and gender-based care must be provided. To provide such care, the influence of sex on the development and progression of knee osteoarthritis needs to be elucidated. Furthermore, gender-based factors, such as lifestyle, access to medical care, willingness to undergo surgery, and potential provider bias in treatment recommendations, must be understood. Ideally quantitative measures can be identified to guide the optimal timing of TKA to promote maximal functional benefit. Advances in arthroplasty durability and resistance to infection are required to improve longevity of the reconstruction.
How Do We Get There?
The future state can be achieved with advances in research and education. Research must be supported to (1) identify sex-based differences in the development of knee osteoarthritis, (2) develop treatments and strategies to minimize the risk of development and progression of knee osteoarthritis with an emphasis on sex and gender differences and a focus on obesity and lifestyle issues, (3) improve routine outcome measurement tools to better reflect functional outcomes and ensure these tools are gender-neutral, (4) define more effective preoperative and postoperative programs to promote optimal postoperative function, (5) further study the influence of unconscious bias on provider recommendations regarding treatment and strategies for both providers and patients to mitigate against such bias, (6) develop decision support tools for providers and patients to guide the decision-making process regarding surgical intervention, and (7) require clinical studies include data analyses based on gender. Care must be patient-focused, with patients empowered to be full partners with providers in healthcare outcomes.
Sex and gender differences in knee osteoarthritis and TKA are complex. The current understanding of such differences is limited; research will expand our understanding of these issues.
